It has been shown by several authors during the past 8 years that immune killing of some mycoplasma species is a complement-dependent process (2, 6, 10, 14, 20) . Morphological alterations of the mycoplasma membrane after immune killing are similar to those described for other biological membranes (5) . Mycoplasmas lack a rigid cell wall. In addition, their membrane components can easily be labeled by incorporation of radioactive precursors. Mycoplasmas are therefore useful models for biochemical studies of the mechanism of complement-mediated killing by antibodies to various membrane components.
Several aspects of the effect of antibody and complement on biological membranes could not be resolved using erythrocytes or lipid model membranes. For example it has been suggested but not clearly demonstrated that antibody and complement act on the lipid components of biological membranes (13) . We therefore felt that it might be worthwhile to further investigate the effect of antibodies and complement on mycoplasma membranes.
The membrane antigens involved in the complement-mediated immune killing vary among different mycoplasma species. Acholeplasma laidlawii was chosen for these experiments because this organism can be cultivated in relatively large quantities and pure membranes can easily be obtained after osmotic shock. The purpose of this study was to determine the membrane antigens involved in immune killing of A. laidlawii.
(This work is part of a doctoral thesis presented by I. Dorner to the Fachbereich Veterinarmedizin der Justus Liebig-Universitat Giessen.)
MATERIALS AND METHODS
Organisms and culture conditions. A. laidlawii, oral strain, and Mycoplasma hominis, strain DC 63, originally obtained from R. M. Chanock, National Institutes of Health, Bethesda, Md., were used. A. laidlawii had been subcultured several times on artificial medium. M. hominis was used in the seventh passage on growth medium. The medium for A. laidlawii consisted of 350 ml of PPLO broth (Difco), supplemented with 5 ml of PPLO serum fraction (Difco Laboratories Inc, Detroit, Mich.), 50 ml of 1% yeast extract (Oxoid Nahrboden und Chemie GmbH, Wesel), 10 ml of 50% glucose, 10 ml of 0.1% phenol red, 12.5 ml of 2% thallium acetate, and 1,000 U of penicillin G per ml (7) . The pH was adjusted to 7.8 with 1 N sodium hydroxide. The growth medium for M. hominis contained 10 ml of 50% argininehydrochloride instead of glucose. The pH was adjusted to 6.9 with 1 N hydrochloric acid.
The organisms were grown in 10-to 20-liter batches. They were harvested after incubation at 37 C for 36 (26) . The silica gel was prewashed with chloroform-methanol (2:1, vol/vol), and activated at 110 to 120 C for 24 h. Fifteen grams of the activated silica gel was suspended in chloroform, and the suspension was poured into a glass column with 1-cm inner diameter. The crude lipids were dissolved in 1 to 2 ml of chloroform and applied to the column. Neutral lipids were eluted from the column with 150 ml of chloroform, glycolipids were eluted with 150 ml of acetone, and phospholipids were obtained after elution with 150 ml of chloroform-methanol (2:1, vol/vol) (21, 26 (8) .
Immunization of rabbits. Young rabbits, weighing 2 to 3 kg, were immunized with antigen containing 3 to 6 mg of total protein per injection, according to the following schedule. In the first injection the rabbits received intradermally a mixture of equal volumes of the antigen and complete Freund adjuvant. After 3 weeks the animals were immunized with equal volumes of the antigen and incomplete Freund adjuvant intracutaneously. Again 3 weeks later the antigen was given intraperitoneally without adjuvant. One week after the last injection, the animals were bled and the serum was separated. The antisera were heat inactivated (56 C, 30 min), divided into small portions, and stored at -20 C.
Partial purification of immunoglobulin G and immunoglobulin M. Fractions of antisera to A. laidlawii cells containing predominantly immunoglobulin G or immunoglobulin M were prepared by gel filtration on Sephadex G-200. Antiserum (10 ml) was applied to a column (90 by 5 cm, Sephadex G-200) and eluted with 0.1 M tris(hydroxymethyl)amino-sion of A. laidlawii organisms at 4 C for 1 h. The mixture was centrifuged at 36,000 x g for 20 min, and the supernatant was filtered through a 450-nm pore size membrane filter (Millipore Corp.). The filtrate was stored in small quantities at -85 C and used as the source of complement.
Complement fixation test. The complement fixation (CF) test was performed using microtiter equipment (30) . It included overnight incubation at 4 C of serial twofold dilutions of the antisera with the antigen suspension and 2 units of complement. A washed and concentrated suspension ofA. laidlawii organisms (approximately 10 mg of protein per ml) in veronal buffer was used as the antigen. All antisera were tested for complement-fixing antibodies to this antigen. Additionally, the antisera to the lipids were tested for antibody titers against the homologous antigen. The lipid antigen was prepared by mixing egg lecithin (0.1 mg of lipid per 2 mg of lecithin, L-a-phosphatidyl choline from egg yolk type III E; Sigma Chemical Co., St. Louis, Mo.) in chloroform-methanol (2:1, vol/vol). The solvent was evaporated to dryness under nitrogen. After the lipids were redissolved in 0.1 ml of ethanol, 0.9 ml of Mayer buffer (preheated to 60 C) was added and mixed well.
Metabolism inhibition test. The metabolism inhibition test was performed as described by TaylorRobinson et al. (29) . The organism suspension contained 10W colony-forming units (CFU)/ml. The time of incubation was 36 to 48 h at 37 C.
Agglutination of whole cells. A drop of a concentrated suspension of A. laidlawii organisms (approximately 10 mg of protein per ml) was mixed at room temperature with an equal amount of antiserum on a microscope slide. A visible agglutination appeared within a few seconds when the reaction was positive.
Double-diffusion test in agar. The test was performed according to Ouchterlony (17 (3, 4) . To determine the reduction in viable organisms, fourfold dilutions of the test sera were performed in 0.05 ml of 0.01 M Ntris(hydroxymethyl)methyl-2-aminoethanesulfonic acid (TES)-buffered saline, pH 7.1, containing 0.15 mM Ca2, 0.5 mM Mg2+ and 0.1% gelatin. Then 0.1 ml of the filtered organism suspension (containing 0.5 x 107 to 1.5 x 107 CFU/ml) was added. The mixture was incubated for 60 min at 4 C. Then 0.15 ml of undiluted absorbed GPS was added. After further incubation for 120 min at 37 C, 0.1-ml amounts of the mixtures were removed and diluted 1:100 in icecold TES-buffered saline containing no Ca2 and Mg2+ in order to stop the reaction. Controls with test serum alone (at the highest concentration employed in the test), GPS alone, and buffer alone were included. After stopping the reaction, two further 10-fold dilutions were prepared in PPLO broth without additives (pH 7.1) and 0.1-ml quantities of each dilution were inoculated in triplicate onto agar medium. The plates were incubated at 37 C for 2 days, and the number of colonies was counted by using a dissecting microscope at a magnification of x 20. Based on the average number of viable organisms in the controls, the extent of killing by test serum in the presence of complement was determined. The highest dilution of the test serum which produced a 90% decrease in viability was calculated and considered to be the titer. (Fig. 1) on November 2, 2017 by guest http://iai.asm.org/ Downloaded from killing effect. This indicates that the reduction in CFU is the result of a decrease in viability and not merely due to agglutination by antibodies. The killing effect was directly related to the antiserum concentration.
RESULTS

Immunogenicity
Killing of A. laidlawii by antibodies to membrane components and complement. Our experiments are in agreement with results of Kahane and Razin (11) by showing that the antigens of A. laidlawii are located in the cell membrane, since antibodies to isolated membranes ofA. laidlawii were as effective as antiserum to whole cells in killing the organisms in the presence of complement (Fig. 2) . Significant killing of A. laidlawii by both antisera could still be observed at a dilution of 1:768. The antiserum to A. laidlawii membrane protein killed more than 99% of the organisms at a dilution of 1:48. Rabbit serum obtained before immunization did not exhibit killing activity even at a dilution of 1:12 (Fig. 2) .
Antisera to A. laidlawii membrane lipids were less effective than anti-membrane protein antisera in killing the organisms. Of the antisera to lipid components of A. laidlawii membranes, antiserum to phospholipids showed a more pronounced killing effect than antiserum to glycolipids (Fig. 3) . Antiserum to neutral lipids of the organisms did not exhibit any killing activity. This was expected, because neutral lipids have never been shown to be immunogenic.
Identification In recent years it was shown that mycoplasma membranes, like other biological membranes, consist of a lipid bilayer with integral proteins and peripheral proteins (18) . The structure of mycoplasma membranes is therefore in agreement with the fluid-mosaic model of cell membranes proposed by Singer and Nicolson (27) . As shown in experiments of Morowitz and Terry (16) and Amar et al. (1), the bulk of the peripheral proteins of A. laidlawii membranes is located on the inside of the membrane. Only two polypeptides of high molecular weight are located on the membrane surface. In addition, studies using lectins to investigate the membrane surface of mycoplasmas failed to show the presence of glycolipids on the surface ofA. laidlawii membranes (25) .
Our experiments using the highly sensitive complement-dependent mycoplasmacidal reaction indicate that the membrane lipids of A. laidlawii may also participate in immunological reactions but to a lesser extent than membrane proteins. The lipids involved are mostly phospholipids and to a slight degree glycolipids. These findings suggest that small amounts of lipids on the surface ofA. laidlawii are accessible to antibodies and therefore may trigger immune killing by complement. These results are in agreement with the findings of Rottem et al. (22) , who showed that proteins cover most but not all of the lipid bilayer of this organism.
Our results indicate that A. laidlawii is a useful organism for studies on the mechanism of complement-mediated damage to 
